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A}] S’J’ILAC’1’

WC present  ascricso  flllolcclllarl  ly(irop;f:ll  ilnagcsof  tllc  llcrbig~-llaro  1 - 2

systcm ill tllc 1

‘I”lIc distribution

[s 11] 6717-{ 6731

\\;c  find that

OS(1) transition at 2.121 iii]) , wit])  a spatial resolution of - ‘2”.

of 112 is tl]cn  coln])ard  wit])  that of Ifllc  excitation, givcl~ by tllc

to  IIa line ratio.

mos t  op t i ca l  co])(lcllst]tjio]ls  it) tlIc 1111 1 - 2 systcm,  including

t.llc V1,A 1 jet, have 112 coun te rpa r t s . IIZ c]llissioll is dct,cctcd  i]] most  low

excitation kll OtS, as Cxpcctd  for 10W velocity Sll OCli S (50 lilll  s- ‘ <), but tilsO  in

IIigl] excitation rcgiolls,  like ill 1111 11’ al]d 1111 2A’. 1+’or  t,l]csc  latter ol~jcc.ts, tile

11 ~ clnission  collld Lc dl]c to tllc  interaction  o f  tllc  ])rciollixillg;  flux,  l)roducc(l  by

1.50-200 1{111 s- 1 shocks, wit]] tllc  surround  illr; interstellar Inattcr, i.e. fluorcsccllcc.

“1 ]Ie lack  i]uorcscc!nt  lines in t]]c ~] \~, Ilowcvcrl  s(lf;gcst  a different, lncc]lallism.  ]]z

is detcctcd  at tllc  tip of tllc V1, A I j e t ,  wl]crc  tll(:  kl~ot, ]I1or]JIIology  s[lggcsts  tlie

])WSCIICC  of a scc,ond IJCJW  sl)ock, 11 z is dctcc.td  also S1; of 1111 21’; al]d SW of 1111

11:, ill regions wit]]  known  N113 mllission.
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1989).

1 1 1 1  objcds  }Ia.vc bfxn olxmvd  in tJIc N11{ s])cct]oscc~])icftll  y and wit]]  narrow band

imaging,  particularly around  tile  v : 0- 1  S(l) 2.12pm  IIzc]]lissiol]  li]]c}vllicllc  a]] bcquitc

strong; (sccc.g. Sc,llwartz,Collcn  ,fi, \lTillia]lls 1987). Solncoftllclnost  rccclltlvolkillcl{l(lcs

1111 1 - ~? (Itlia.s  1980; ZilllldiC1’Ct  d. 1989;  Zcdcyctj  a]. 1992); 1111 7- 11 ((;ardclI, ltusscll

& IIurton  IWO; Stalmlfcldt  d a]. 1991;  C u r i e ]  I!)(L?; Carr 1993), 1111 4 6 / 4 7  (Zcalcy,Suttcrs

& llm]dall  1993;  l’;is16fl”clct  al. 1994), III]  90/91 ((~lc(lcl,llci]~~lltl]  &, flcatllcc)tcl{  )92), all(l

1111 111 (Grcdcl  & ILci])urtll 1993). Modc]s  of tl}c 112 and llCO+  cmissio]] f rom work ing ;

surfacm  in rclatiollsllip  to 1111 ohjccts (Wo]firc  & l{6nigl 1991, 1 993; Curicl  1 992) Suggest ,

tile  ])resc]lcc  of at, lcmt anotllcr  3  poss ib l e  mcc.l)tulisms to produm  IJz mnissioll,  hcsidcs

col l is ions]  exci tat ion (in dissoc.iativc  and IIollclissc)c.iativc  sl)ocl{s). l’or cacll case tl)c raiio

of 2 - 1 S(1 ) to 1 - 0 S(1 ) ]}lus l)rcscclicc  or ahscllcc of II{, UV lines wid continuum ~ivc a

dia~; [lostic of tllc rcgioll and  Lllc prcvx:ss }vllcrc tl]c cl]]issiol]  i s  f o r m e d .  112 call bc cxcitcd

as \vcll  by clltra.in]ncnt (Its.ymolld CL iii. 1 994) ~IId/or }>Y SIJCAS wit,])  a mag;nctic.  ]Jrccilrsor

(I)rai,,e &  liobcrgc 1$!82; Ilart,igan, Curie] & l{ayl]lol]d 19S9), ~vitll tllc  Ilct rcs~llt  that is

difliclllt  to illtcrprd  uljiquc]y  tl]c  origin of tllc 112 cmissiol].
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2. O b s e r v a t i o n s

\\ie  obta.ind  near-i nfrard  imagm of 1111 1 - 2 over two nig]lt,s  in octolmr  1992 usinr;

tllc  G 1/1 hl in f ra red  imagcr at t]]c Apacl]c  l)oiilt  olxmrvatory. At tl}at time, a tclnporary

1 .SIN diameter primary mirror  was in place, awaiting tllc  compaction of tllc  3.5111 mirror.

‘1’llc 1 I{ detcctlor  was a IIp$d’1’c  1 ’28X 1 ‘X array, witjll a sc.alc  of w 0 .”72  at f/5. ‘1’l]crc

was a }varm rcgioll  at tl]c  soutll-west corllcr  of tllc  detector wllidl  incrcasd  tlic  noise a]ld

]na(lc flat- fic]ding  tlllcrc  di(licult. ‘1’lJc resolution for tllc  ilnagcs  is w 2“, witl] a field of

w 1.’.5. 1 mag;cs were taken tlI roIlg;ll two fi ltcrs. ‘I’llc first, a  25 nm widcfiltcr ccl]tcrd  at

:?.1:?/(111 c o n t a i n s  tllc lnolccular  l)ydrogc]l t,rallsitioll  VT 1 ()  S(1) within its l>a[]d~)ass.

‘1’lIc SCCO]IC1  f i l t e r  ~vas 80 ntn Jvidc, cclltcrcxl at, 2.’22 //111 and was  usd to cstlimatc  t}le

colltillll~ln]. \Vc IIot,c, llowcvcr, t}llat t,l]c “contitluuln”  filter ]nay also contain an Ill]linolvn

cc~lltl’il~lltic)ll  from the lnolcc. ular ]Iydrogc]l trallsit,ic)ll  \7= 1  0  S ( 0 ) .  ‘J’llcrtitioof  2.22~lm to

2.12/[ 111 flIIx raIlgcs  froIn 0.2 Lo (). (i dcl)cndillg  011 tfl]c exci tat ion IIlccllanislll  (Ilotic.c  that

Nolicga-Crcs])o  &, Garnavicll ( 1 9 9 4 )  folllld  a ratioof  0.4 i]] tlic  1111 IA rc~;ion),  Sil~cctl]c

IIorlllalization  factor of tfllc  cx)ntinuul])  lja]ldl)ass  is w 3, wc cxpcc.tj  errors ill tl]c IIlcasurcd

2.1’-) /1111  illlx of N 1 0  2 0 % .  ltip;llt  ilnap;c.s  of 11111 lvcrc ol)taitlcd  ill cac]l  f i l t e r ,  a n d  tllc

Cx])osllrcs. h’o(lr  Cx])osllrcs  ])(’1’

tllc 2.12? //ill f i l ter  allcl 1S0.S ill

]Icarl)y rcgiol]  devoid of I.]rigllt

1> a]’>. “J”’]Ic  it](]i~i(lll:i]  data fralllcs  lvcrc dark slll)tlac.lccl and flat-fic]d  Col’rc(:td  Ilsifl$  tllC

11{.11” IA]]{];])  ])acka:~;c. Stars i]l tl]c  Ill I-l fratllcs  fvcrc t]lcasl]rcd  and tl]c illla~cs sllillcd  to

a  CC) II II IIOII l)ixcl coordillat)c  systcln Lcforc I}cillp;  alrcragc(l. ‘1’l]c 1111 2 fral)lrs  contaitlml  II<)

>t al>, .() t i l e  ilna:cs fvcrc rcgistcrcd  Ilsill:;  tllc  t~rij;lltcst  tlIrcc lillots of cll]issiolj.

“Illc Ill s tandard I l l )  J160 (Itlias  et al. 1!)S2) Jf’as olxwrvml in Lot,ll fil!,cr~ ill o r d e r  to

dcterlllil]c t.lic  rclalivc alnollnt of cc}ntillulltll  trallstnit,  td by t,lle fill, crs.  ‘l’lie  of[-t)atld fralllcs
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wcr(: corrcctixl by a factor of 3.05 to ac,count  for tl]c l)assballd  dif[crcnccs,  and tllcll tllc

co]llhillcd  2.22jLm ilnagc was suht,ractcd  from the avcragd  2.12pm frame to produce t,llc

final ilnatpof  lllolcclllarlly{lrc)gc]~.

\\:c  also  Ilscd some optical images taliCll  with two narrow Land  filters ccnt,crcd  at

[S11]6717/31 allci Ilf16563A,  illor{lcr  tocol]ll);,rc  tllc(,llticalc  illissiolla ll(lcxcitatlic} lltvitll

that o f  ttlc IIz. ‘1’llccq)tical ima.  gcs ~vcrcta.kcll  wit]) tllc3.5tll  1;S0  N’1”1’ tclcsco])c  and  tllcir

analjsis  lia.s  Ijccl]  l)uljlisllcd  dsewl]crc  (see lt.cil)urt]l ct a]. 1{)!)3, for  detai ls) .

3. llcsults  and ])iscussioll

“1”’]ic csscllt,ia] sl)ectroscopjc  aj]d dynal])ic.d  pro])  crtics of tllc  1111 1 2  flow arc }vcll.,, ,,

l~nc~JvII (1 . j i l t  Ilot ncc,css:iri]y  ulldcrst,oo d!). ‘1’l]c lcadill~  wc)rliinp; s~lrfac.cs,  1111 1 and 2, arc

lnot-ill::  ]irar t,llc pla Ile of t,l]c sky }vitll  tatlp;  c.ntial  ~’clocitim > 200 kni s- 1. ‘1’l]c VI, A 1 jet

tan f~ential vc]ocitics  range from N 100 kl]l s- 1 llcar  tllc  sollrcc  to w 350 km s- ‘ fartllcr

a\va}” fri)lll  it, (l{; is16ffcl,  Nllllldt  S’, IItillm 1994), )vllic,ll  i s  a s  IIigli  a s  tl]a.tl  o f  1111 11’, and

tll{>c  arc tllc IIigllcst,  tangcntia] vcloc.ities  tneasllrcd  in Illc olltflow.  Sl)cctloscc)l)icall~r,  basefl

0]] tllc  l)rcscncc  o f  [0 111] cmissioll,  1111 1

ol.)i(~ct.>. ‘1’’IIc \~l,A 1  ict lacks [0 111], 1)111

coII>idcIr(l  a 10}v cxc, itation  oljject  (see c.g

a]ld 2 arc, b r o a d l y  sj)cal{illp;,  IIigll  cxc, itation

is l)rip;llt  ill [S 11] al)d [0 1], and t<licrcforc. is

Self  S’ II;)liln 19{)1). l)ct:[ilc(lc  oll)l)ali s[)lloftllc”
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using  wilues  of [S I 1]/llfi> 1 for tllc low cxcitatioll  and 1 < for tlIc lligll.

3.1. 1111 1

1 I 11 1 can  bc ltIoddcd  in In;iny of its pmpcrtics  as a bow slkock  tlliat  l)lungcs  into  its

stllr~)unciillg  lncdillm wit]]  V~},C,r~ > 1 0 0  kln s-  ] (SCC c.g;. Noricg:l-Crcspo,  1161,,,1 &  llaga

19S9). SIIock ]]lodc]s inc.llldinp;  112 indicatjc  that f o r  v e l o c i t i e s  > 50 k]]] s- ], tlic l]lolccular

IIJ’CIICJ:CII  is dissoc.iat,cd.  Modc]s  of illc 1 IZ cmissio]) in how sl locl<-l ike structure (Curid

199?; S[nit]l,  llrand & h4mrllousc  1 9 9 1 ) ,  illdicatc (11A for a Low SIIOCI( vclocitim wllicll

excmd 30 50 1{111 s- ‘ , tljc  molcclllar clnission  i s  slliftjcd fronl tllc  “llcad”  of tlllc bo~v

slioc]f  totvards tl]c  “wings)’, wllcrc  tl)c  slloc.k vclocii,ics arn 10WCI.  A similar result is clearly

ol~scrlcd  ill 1111 lncrica]  sitnultitions  o f  worl;illp; sllrfaccs  of atoltlic. jds striking  molcc.lllar

circlllnstellar  ]I]attlcr (Its.ga. 1994, I)riviitc  c.c)llllllllllic:ilioll).
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d. 19S9) a ]Jossiblc  lncclla,nism  for its IIz cmissiol)  is flllorcsccncc  cxcitd  by its prcionizing

flux (see e.g. Wolfirc  &, l{6nigl 1 991). ‘1’llc exc i t a t ion  procms of 112 ill 11}1 1 F, lIowcvcr,

COI]IC1 be Inorc  coInplcx  since tllc analysis of its U\/ emission with  1(11; dots not reveal any

of tlIc fcatl]rcs cxpcc.tcd  fro]]) flllorcsccncc  ill tllc  U\f lillcs or tl]c continuum (see e.g. IIolim,

Noricg:i-C;  rcslm  ,V Self  1993). AIIotlIcr  ]Jossihility  rcqllircs  a (~-slIocl{  with  a. m a g n e t i c

l)rec.[lrsor  (SCC  c.g;. l)rainc ,U, Mc]{cc  1993). A  mat);llctic IJrCC,[lrSOr  accclcratcs t,llc Inolcculcs

to l: IrfI;c velocities without dissoc.iatiol)  td<inr;  ])lacc. l’resent tllcorctica] modds  seem to

w o r k  JYCII 11]) t,o - 50 1;111 s“ 1 ,  hOWCVC1’,  t])jS VC]OCj~.y jS at ]C;l.St  FL ftLC.k)~  2 Slll:i]lCI’  t]lall t}lC

(lC(lllC(’(1 S11OCI{ vdocity  in f I f 1 1 l~.

~lllotllcr  i)itcrcstinp;  fcat,urc  in t,l]c 11 f 1 1 re~ioti  is a 1 IZ c.ll]ml)  onc arcmin S\4~ o f

1111 1  1“, lvl]icll  was ]~rcviolls]~~ dctcc.tcd  ili N}l~  and  11~0 (’1’orrc]lcs  CL a l .  1993). We

‘“ 33’” 53 s Fllld 6(1950) ~ 6° 4’(’ I 1 “dcterlnille  an :I])j)lc)xilll:ltccl  ]msition  of, 0(1 950) -J J

(SW ‘1’’al)le 2 ) ,  ve ry  dose  to w h a t  lIas ljccI~ oljtaincd  {Isitlg  \~l,A,  CY(]9J()) : 5h33’f’53.s02,

d(lw:)o)~ (i” 47’13. ”5 (’1’orrcl]csct  al. 1993). AltlIouglI  i ts  lias bccII arF;LICd adyllamica.  ]

connection  bctwccn 1111 I]J and this c,lllml~ (see c.p; . ])avis, l)cl)t(  t~,l]clll]llrllcll  IWo), thcl’c

is III) a clear ]>llysica]  lilll{  in 112 clnissioll  10 slll~])ort  this .

3 . 2 . \T],/j  ] .l],;rJ’



1989;  Cllricl  1992; Carr 1992), 1111  46 /47  (]tisldl”cl ct al, 1994) and 1111 111 (Grcxlcl &?

l{ci]jllrtll  1993). It is very i n t e r e s t i n g , tllcrcfom,  that tl]c \rl,A 1 jet ill ttlc  1111 1 -2 systcm

is dctmt.cd in 112. in our [S 11] 6717/31 mld Ilfi i]nagcs  it is possib]c  to distinguish nearly

s c.ot}cicl~szitiolls  or knots  along  tl]c jet. (SCC e.g. l{ci])urtll  et, d. 1993).  in t,llc 112 i m a g e s

wc discern  a}joutj 7 cc}ilclcllsa,l,ic~lls. At first gla.IIcc  tl)c sill)clj~ositiol~”  of tl)c ol)tica]  and  f12

ima.p;cs  tna.tc.]1 quite W C]], cxccpt, for onc  knot (SCC Mow) . \\~c t, rid to l)crforlm a 1 norc

carcf~ll  analysis of il)c  jd knots l)ositions  for two rcasolls: i ) scardl  of large oflscts  I>ctivml

tllc  opt ical  and 11{ ilnagcs, and ii) to scc ]Iow close to tllc source tlic 112 clnission  c.o~]ld

bc detcctcd. If tllc knots  or coll(lcl~satic)lls  wcrcdllc to i~lt(rllclil~c)l’liillp;  su r faces  crcatd

I)j- Iariabilit,y of  tl]c  soIIrcc ( s e e  e . g .  l{q;a 1993, aIId rcfcmlccs tllcrcin), for i]]st:incc, tllc

112 emission wollldll’t  c.c)i]lc.iclc~~itll itso])tical  c o u n t e r p a r t  ((;~lricl  1992). And  s i n e . c t l i c

2.12~(m emission is  less  dfcc.td by cxtillctioll than tlic  ol)ticd,  tl]crc  is tll]c possiljility  to

searc]i  for tllc  jctl closer to tllc  sollrc.c.

‘1’’}lerc arc  really  c a v e a t s , lIowcvcr, in measllrill~;  tllc  112 kl~ots  l)osii,iolls.  ‘1’lIc irnagc

rmolllti(oll  is IIOtj cxccllcnt,  ncitlllcr is ill IC sigttal-tfo  IIoisc ,  and  t]lcrc  arc not  cnoug]] stars in

o[lr friillles to do tllc  best a stromdry.  \\)c c.m do littllc  al~olltl  tl]c first two ])ml~lc]]ts  (cxccpt.

to y;ct rllore ol~scrvin~; time), l~llt for tllc  l:ist l)rol~l(:l])  is l)ossiljlr  to ass(ll])c t]lat soil’ic of

tllc  [S l]] {iud 112 cc)ll(lcl]s:ilfiolls  c o i n c i d e  ii) t}lcir lmiliot}s. l’or tl]c \~l,A 1 jet, ~vc lla~-c

t?ili~ll  till’C’C I)ositions  aS kl)O\\fll: IIIIC. (~ C)llC1l-  SCll\V;ll’tZ  S t a l l ’ ,  1111 1 1“ :Illd lIIC I:lt(’r:il  lill(>t

1 1 1 1  1  IJ}I (I{ci])llrtll  ct a]. 1!)!) 3). ‘J’lJc lncasllrml l)ositic)ns  for tlIc [S 11] and  112 frm]lc~  arc

SIICJFVII ill “1’’at>]c  1  (Jvc Ilscd llolllcilc,l:ltlllc  froln l{cil)llrt,ll  [*t, al. ( 1993)).  ‘]’]Ic l)osit,ions  a r c

rclllarlwt)lc  similar ,  ~vitll tllc  oIIly cwcc])tiol~ ]JcrlIaI)s  of tllo ‘jd A’ col~(lcllstt.tiol~,  i.e. rleitllcr

}Y(’  111(’m[ll’d  of fsc’ts  1101” }Ye d(!t!cct!d 112 C.lc)scr to tllc Sc)llrc(’.
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to w]]at ii is olmmd optically in ot]]cr  Ilcrbig-11 mm jets, e.g. 111[ 111 (I{cil)urtll  19S!3)

1 1 1 1  3 4  (I{cipurth  &, IIcatl]cot,c  1992), and 1111 46/47 (Ilartiga,n  Ct d. 1!)93). M~llt,i])lc  bow

sl]ocks arc cxpcctd  to a,])pcar WIICH tl]c outflow from tJIc driving sourc,c  c}lamge.s  with  time

(sm c.:. l{aga  ct al. 1990).  Altl)oug]]  l,IIc  cxtillc.tion  is j)rol>aljly  larger in this region,

wllicl} cxp]ail]s  wliy tllc  optical jet tjccomcs  invisible ,  tllc  112 c]]]ission could  h duc to a

difl’crcnt ]) IWCCSS. If this condensation were t]tlotllcr  how slIocl{  it collld IIavc a SllOCli velocity

~ 50- 100 kill s- ] (*cCall  tl,at  tl,c j e t  itsc]f  i s  l~]oving a t  w 350 ]il)l s-  ‘  in that, *cgio*l

(ltis16flcl  ct d. 1 9 9 4 ) ) ,  and o*lcc agai*, it is tcm],il)g  to invoke  a CSllOCli  witl) a ]nagnctic

])rcc(t rmr, to prcscrvc  tllc molccu  lar IIydrogcn.

~;ivcl] tllc  low cxc.itation  of tlIc jot, tllC SllOCliS  i  llVOIVd al’C \VCdi tilld  (1 llal)lC tO

FYI~(’rat~  laVY l~~st sll~~lis ~~~llsiti~s,  al~~~ tll~r~f~)r~,  cn~)u~;ll  112 c.ol IIIml d e n s i t y  to cx])lain

tile  observat ions.  ‘1’llis  II ICa I]S il}at tllc obscrvd  llz is alrcdy  t,llcrc  wllcn tl]c jet strikes.

Altllougl)  anot,llcr  l)ossibility  is tliat  cntrainmmlt  of tllc  surrol[]ldi]lg  II1OICC,  UIZII l]]at,cria]  is

takinr; ]Jlacc, as it seems  to hc t.l]c case ill 1111 4 6 / 4 7  (Ilartlip;arl cl, al. 1993).

3 . 3 . 1111 2

‘1’’lIe  IIIor])lIIJlo{\y  o f  IIfl 2 ( s e e  l’if; 21J) is IIIO]C ccj]l]l)lcx t,llall t h a t  O f  1111 1 (SW (’.:;.

SCll}Yart7  C’t al. 1993), :111(1  :Jl,llollg,ll t)]’(dl,v S]) Caliill~;  it I’(’SCIIII)lCS  a l)O\V SllOCli Sll’llCtU~C,

tllr  cxcitat,iol), vclc)city dis])crsion  aIId ])ro]~cr nj(~tiotl  of i t s  ccjtlclctls:it,iolls  dms not folloiv

a sillll~]c  l.)c)lv S]locj{  IIIO[lC] (scc c.~. ]]/)]1111 & so]f ]{){)  2). ]t, is illtcrcsi,il]p;,  t,]lc]’eforc,  to f i n d

t]lat  tllcr(>  is a py)od co]lcslJcJ]l<lcI]cc  ljct,~vcc]l  tllcol)lical  and  Illolcc,lll  ;)lcll]issiotl,  ” for at least

IIa]f (~ftllc  c.c)tlcl(:tlstllic)lls  ( s e e  l’ip;s  3c,d). III dci, ail wc cmI assoc.  iatcd 1 12  Icatllrcs  to tlIe

follo~vills  cc)l~clctlstl,ti{~lls:  A, 11, 1), IL, l’, (;, J, K and l,. ‘1’lic I>riglitcst,  cc)llclcllszt(i[)t~,  11. aII(l

tile  faint one,  1,  arc II;lrdly dct,cct.al~lc. ‘1’IIc ]12 ctllissiol) f;i,lt,llclc]  oljl]st,ic:il]l  (N of ~1’1 fades
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a~vay very rapidly, wl)crc  condensations (), 1), Q, 1{, S Find ‘1’ arc found,  altllollgll  tl]crc  is

still a trace of emission.

‘1’lIc very l]igl] excitation condensation 11 IMksof  awcll clcfi]lc(l  ccjl]lltc]]~a]’t,  i]] tllc  112

cl]]issio]l,  b~lt tl]crc is SOIIIC  faint tram, wlticl)  it could  lm a,risi]lg f r o m  bcllind  f] aDd/or

al]cad  of coltdmsatioll  A’. ‘l)llis  latcroncl  of i]]tcll]lcclizlt, ccxc. it, a,t,io]l, ilas ,ahrigllt ]]2 ‘COK)

al]d a cxk:ndcd c[nissio]]  rc:;iol]  (l Jig 3c. ), alttl IOU~;l I as in tltc  case of 1111 1 1~, it is diflic[lll  10

cx]~]ail)  [i T]]css  m cfiic,icllt,  rcforln;~tioll of IIz takes p]ac,c bcl)itid  its S]]ock,  sillcc t,licrc is IIo

cvidcl~cc of fll]orcsccnt  112 ii] that rcp;iotl  frolll l-J\/ observat ions (116111)1  ct al. 1993).

We Ilot,  icc as well  a slna]l bri~;llt  kllotl  Nlt of colldctlsation 1, without  ;II1 oj)tical

c.()~ltltcll)a.lt  (1’ig 3 d ) .  ‘J’l]is  c.oll(lclls:it,iol~”  SCCI1lS to liavc a, N113 c.oullt,crpart,  llo~vcver,

(’1”{,,  rc]lm  ct al. 1992) a],d it *I,ay bc ul)datcd  to tllc  11112 f low.

4 . C; ONC1,IISIONS



11) tile  \~l,A 1 jet tllc NW ti]) in 112 dots  not  l]avc a dmr o])t, ica] counterpart ,  and it IIas

a  ‘I.JOJY sllock-]ikc’  ]nor])l]o]ogy. ‘1’lIc absc]]cc  o f  aII cjl~tical  co[lnt,crpart  nlay  bc cxl)laincd  by

t.ltc i]lcrc]ncnt of tlIc  ext inct ion i]] this rcgiml or by a ‘dens i ty ) cf[cxt (m in tllc  NW wing of

1111 1 ). ‘1’llcrc  is tl]c  possibility, l]owcvcr,  tll]at  tfllis knot n]ay bc tracinf; a second olltburst,

ill lvl]icl)  tllc  ]natmrial  is being cxcitd  by a ‘Illagllctic  prcclirsor’. Spectroscopic. ol~sclltttic)ll:;

slIoLIld  (Ietcrn)illc  if this is tllc  case, l)ascd o]] tllc  Yvidtll of tllc  1[2 ]incs. ‘1’l]c IIigll cxcitzltiol~

,.colldcll~at.iolt 1111 11 (wltll  VS/LC,CK W 100- 200 IiIll S“ 1 ) IIIZIJJ {11S0 require a CtJJ])C SllOCli

to cx])laill its emission, sinc,c  as m e n t i o n e d  aljovc,  ]]0 cvidcllc,c of flllorcsccncc  lIas bccl I

follll(l ill tllc U\T. IL i s  appcalin~  to tldlli  about, a (;-type SllOCli wit]!  a map;ndic  ]) I”CCUISOY,

I)eciillsc  SlICII  l)roccss  accclcratcs  tlllc lnolcclllcs  at IIiglt velocities wit,llollt dissociating tlleln,

altll[)llgll fOl 11~ 1 1)1 G, d SllC)Cli  Jvitll  V.I,C,C~ ~ 50 Ii Ill S-  ‘ dissociates lllost  of tllc  112 (for a

rriiciy  see e.g. l)rainc  S; h4cl{cc 1 993).

l:iilally,  col)clclls;itic)l)  1111 2]1,  wllicll  it lIas a ve ry  IIigll  cxcitatioll,  do t s  l)ot sllo~v  all

ol-)riolls  III OICCIIla I lIyd IogcII counterpart. ‘1’lIc tram of emission (l~ig 3c.,d) a})cad of 11 II 2A’

could. ]lo]vcvcr, bc associatlcd  Iyitll  i t .  \41c IIot$icc  tl)at silllilar  rcsu]ts  lla,vc been  rcccntl)

r(~lmrt cd ( l)avis,  ltisldl’c] & l{ay 1994 ), mld that 112 illlqyx  witli  a lligllcr  resolution sllo}v

})o.>itic,llal  oflscl,s wit,]]  rcsl)cct tllc [S  11]  atId Iln ctl)issioll in 1 1 1 1 2 .

.’1 .s. - (:. IYw’aldl  IIas lXWII Sllpl)[)l’tcd I)\’ h’s]” p;rallt AS’I’-9I -14sss, tllrougll tll(-’

1){’]):lrllllt’llt of Ilstl’ol)i)nly at, (.lllivcrsit~ of \Vasllitlgtotl,  & N A S A  l,on~; ‘1’etIN SIJac(L

ilst rol) l l~’si ts  l)rCJ~Iam tllrollgll  a contract  Jvitll  t llc .Jct  l’ro])lllsion l abora to ry  of tl]c

(’:i]ifo[  IIia Inst. itlttlc  of ‘1’ccJIIIolog}. \\7C tllallli  11{) l{ci])llrtll :Illd St,C\JC llCFltllCOtC fol”

1)]’()~i(~jll~  [1S \yit]) t,ll(l  [S ]]] al]d ]](} ~’1”1’ il)la~,(’s ,  aIId tl]e aIIo IIymous  rcfcrce  for llcr/llis

(ar(~l’(11  rt’a(iin~ of t.l]c mat~[lsc,ril)t,.  Cil{lh4  i s  \yo]liillp; tliat)lis  to h4al’li Ilcrcld ;III(I  IIis t~:illl,

al)(.1  Jv(’ arc fll’iit.  cflll {0 tllcln.
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l“igllm 1. Grayscalc  (]incar) map of tlkc II II 1 - 2 r eg ion  bascxl on a narrow  Imld C C ] )

ilnagc ccntmcd  at [$ 1 1 ]  A 67] 7 / 3 1  cmissioll  ]incs (frot]l l{cipurt]l  ct d. 1993). ‘1’llc

Collm-Scllwartz ((;-S) star, tllc  VI,A  1 source and some of tllc  brightest condensations

are indicated.

1{’igurc 2a. A n  IIz image at 2 . 1 2  ltm of tllc 1111 1 ol}jcct,  il~cludin~ tl)c VI,A 1 jet .  ‘1’hc

slll)crilnposcd  contour  lines correspond to 1 IIc [S 1 1] 6“/1 7/31 emission. Nlost Lrip;lli

11 ~ klIots  IIavc ol)ticd countcrl~art,  s, cxc.q)t  for a  a  ljri~;llt  l{]]oi S1} of tlic  C;-S star

a]ld a.lo]lg  tllc  l i n e  joinin:  to V1, A 1 sourm,  for wllicll  aII o p t i c a l  coulitcrpart k not

dctmtcd. ‘I’l Ic field is w 1.’3 and h’ is 1]1).

l“i~urc  2b. As above, I}llt for t,l)c II II 2 rep; ion. N o t i c e  t,l)c s]na]l Lrigllt  knot  Nlt of

condensation 1, without) M ol~tica]  co[llltjcll~;llt.

11’igllre  3a.  A  mll~parisoli  bct,wccn tllc  1 12  molccl]lar  c]llissioll  :IIId t,lIc  l,0\4~ e x c i t a t i o n

([S 11]/lln > 1 )  c][lission for tl)c \Tl,A 1 jd at]d }[11 1 (contour  ]incs).

l“ig[]re  31>. IIz molcclll,  ar emission and tlIc  111(;11 cxc.italit)l~ ([S 11]/llo < 1 ) emission for

t}lc  \“l JA 1 jd and  1111 1 .

l’i:llre 30. IIz IIlolcc(]l:ir  cmissio]l and tile lJO\f’ cxcitatioil  ([S 11]/llct  > 1 ) clllission  f o r

1111 ?.

l“i~~lre 3(1. IIz ]])olccl[lar  clnissiot)  atld tllc  111{;11 cxcitatioll  ([S 11]/llct < 1 ) emission f o r

1111 :’.
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‘1’AIII,I;  ‘2. ])osit,ionsl o f  t)ackgrolllld  and sllrroundil]g  SOUI’CCS

.5 33 54.54
5 3:) 55.5:)
533 58. os
5 33 53.91
5 3 3 5 6 . 2 9
5 3 3 5 5 . 8 9
5 33 54.74
533 5(;.88
5 33 53.16
5 33 55.32

- 6 4 6 5 7 . 0
-G 4725.1
-(; 47 11.7
- (i 4748.3
6 4 7  1 5 . 4
6 4 7 2 8 . 5
( j  lj(j ~fi.~

(j 4 7  50.()
- 6 4 7 1 1 . 1
- 64755.2

ICpocll 1992
al’IWIII  IIwbig  (1 974)
~1’rolll Stl’olll (’t d. (1985)
Cllright contilluu]il at tlic start. of (IIC \~l,A 1 Jet
“1 I Z() IIlascl>  S(’(’ ‘1’c)l”l”t’lk%  (’(. d (1 993)
Cll II 1 4 4 ,  sw l{cil)urtli  ct. al (19!)3)
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